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Abstract 
The paper analyses the economic impact of implementing cloud computing technology and computer clusters to provide 
educational services. Our study conducts a SWOT analysis on a real scenario in which a standard university IT infrastructure is 
moved into cloud. The paper describes the impact of this new technology on current and future educational services and proposes 
an architecture that maximizes the benefits for the institution and for students. 
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1. Introduction 
The notion of distributed system or distributed computing system has several definitions in the literature, more or 
less equivalent. Thus, a distributed system may be defined, according to some researchers, as a collection of nodes 
that are: computers; processors; autonomous processes which are interconnected. Each node within the system has 
one memory of its own. Also, the nodes must be able to exchange information between them (Toma, 2012). 
The paper is structured as follows. The section Cloud computing concepts highlights the main characteristics of 
these systems. In the Educational systems section several types of e-learning systems are analyzed. The section 
SWOT analysis focuses on a scenario in which a standard university IT infrastructure is moved into cloud. The 
section describes the benefits of using the cloud computing in educational systems. The paper ends with 
conclusions. 
2. Cloud computing concepts 
Considering the criteria regarding the type of connection between nodes, we distinguish two types of such 
systems. The first type is that of tightly connected/coupled systems, where multiple processors usually share the 
same memory and consult the same clock (HPC  supercomputers, etc. transputers.). 
The second type is that of loosely connected/coupled systems, where each system has its own memory and its 
own clock. Without a unanimous acceptance, loosely connected/coupled systems are identified with distributed 
systems (HTC  Grid Network, e.g. of HTC systems: Condor / PBS  Portable batch System). 
The most important difference between a distributed and parallel system is depicted in Figure 1(Toma, 2012). 
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Figure 1 Difference between distributed and parallel system 
 
Of course, some developers may use a distributed system to process in parallel manner a computational problem. 
So, parallel and distributed computing is used together. 
The most used distributed computing technologies in programming are: 
 RPC  Remote Procedure Call / RMI  Remote Method Invocation; 
 CORBA  Common Broker Request Broker Architecture and DCOM  Distributed Component Object 
Model; 
 Web Services  SOAP  Simple Object Access Protocol), WSDL  Web Service Description Language 
 EJB  Entreprise Java Beans. 
The above mentioned programming technologies are packaged in real solutions  as distributed computing 
models, systems, frameworks or SDKs: JADE  A.I. Agents Programming Framework; GlobusTookit  software kit 
for developing Grid Networks using mainly web services; Condor  integrated system for Grid Computing; Apache 
Hadoop  simplified programming model which allows the developer to write and test distributed systems; Nimbus 
 Cloud Computing Platform/Infrastructure for science (so can be used also by universities). 
Grid computing uses computation power from various computer resources from different places across multiple 
administrative domains, in order to achieve a common goal. In the universities, it is used for distributed computing. 
Grid technologies, paradigms and services are mixed and mashed with SOA  Services Oriented Architecture (web 
services processing) and cloud computing concepts, and there are some certain services which are migrating from 
grids to the clouds environments. 
According to NIST (Mell & Grance, 2011) and a Wikipedia definition (Wikipedia, 2012), Cloud Computing is 
the hardware and software delivered for processing as a service over a network. As comparison of Cloud systems to 
the Grid systems, there are the following major differences (Frey, 2011):  
 Grid Systems run processes vs. Cloud Systems run Virtual Machines 
 Grid Systems are focused on job delegation vs. Cloud Systems are focused on remote resource allocation 
(provisioning)  
 Grid Systems take in to account On-the-fly dynamic deployment vs. Cloud Systems have Hot-Deploy 
issues. 
The argument for performance of the Grid Computing System Condor over Cloud Computing systems is that 
virtual machines (VM) can be considered jobs/processes because: VM image is executable, instance data is input 
and modified image is output. 
virtualization) that use mature concepts inherited from Grid Computing included in a larger context of HTC  High 
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Throughput Computing, HPC  High Performance Computing and MTC  Many Task Computing.  
The main difference between HPC (e.g. SuperComputer) and HTC (e.g. Grid Computing System) is given by the 
length of the period of time used for massive processing, from point of view of large amounts of computing power. 
HPC is focused for using large computing power for short periods of time  hours/days (e.g. Supercomputers - 
tightly coupled parallel jobs), but HTC is focused for using also large computing power for longer times  
months/years (e.g. Grids - independent, sequential, distributed and loosely jobs). MTC is a bridge between HPC and 
HTC. 
In our days, the cloud computing systems are created using OS virtualization through a hypervisor, which is a 
hardware solution that allows multiple operating systems, termed guests, to run concurrently on a host computer 
(Wikipedia, 2012). 
No matter what kind of hypervisor the cloud computing system is using, it is possible to offer many types of 
clouds: 
 IaaS  Infrastructure as a Service  offers the possibility for the end-user/developer/admin to upload the OS 
images large files and to load directly in virtual machines players, in order to start the applications from guest 
operating system. 
o Examples of IaaS include: Amazon CloudFormation with its service Amazon EC2, Rackspace Cloud, 
Terremark and Google Compute Engine plus for the private approach  Eucalyptus, OpenStack, 
OpenNebula. (Wikipedia, 2012) 
 PaaS  Platform as a Service  offers the possibility to the end-user/developer/admin to upload an archive file to 
a dedicated web/application server. The software application is developed in a certain technology with 
dedicated API (Microsoft Azure  IIS Web Server with ASP and C# .NET / Google App Engine - Java). 
o Examples of PaaS include: Amazon Elastic Beanstalk, Cloud Foundry, Heroku, EngineYard, Mendix, 
Google App Engine, Microsoft Azure and OrangeScape. (Wikipedia, 2012) 
 SaaS  Software as a Service  offers to the end-user a final product or services that will be valuable and 
reliable (Microsoft Word/Excel available through Internet browser using Microsoft Office 365). 
o Examples of SaaS include: Google Docs, DropBox, Quickbooks Online, Limelight Video Platform, 
Salesforce.com and Microsoft Office 365 (Wikipedia, 2012). 
Depending on premises of the data centers that are deploying the cloud computing systems, it is possible to have: 
private, public or hybrid cloud computing systems. 
 
3. Educational systems 
 
In parallel with the information and communications technology evolution, the educational process has 
implemented new technologies for delivering rich media educational content, to add new communication media and 
to assist traditional approaches in order to be more efficient and more student-oriented. Educational systems have 
evolved from simple Internet connected systems to complex private networks that extend far beyond the classroom 
and generate a virtual environment that pass the anytime, anywhere test, in terms of availability, location and 
connection speed. 
 E-Mail Service - JAMES (Java Application Mail Server) over Apache Hadoop,  
 Cooperation and Document/File Sharing  Microsoft SharePoint, Google Docs & DropBox. 
 E-Learning System: SAKAI in private Cloud IAAS deployment environments (Eucalyptus) 
 Scientific Projects Processing and Students Lab HandsOn:  
o Nimbus -  Amazon EC2  Elastic Computing; 
o Eucalyptus - 
Amazon EC2; 
o OpenStack - cloud operating system that controls large pools of compute, storage, and networking 
resources throughout a datacenter; users resources are provisioned through a web interface; as 
; 
o OpenNebula - Cloud Data Center Management Solution  open source for IaaS; as protocol is 
; 
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 Students/University Partners ERP  Enterprise Resource Planning and/or CRM  Customer Relationship 
Management System: TioLive in SlapOS Distributed Cloud Computing. 
 
4. SWOT Analysis 
 
Cloud computing in education is just an instrument used to deliver better educational services (Hignite, Katz & 
Yanosky, 2010). This is the objective of this technology and it must not be seen as an educational process. It must be 
analyzed based on its objective and based on the social-economic environment in which the educational process is 
ent the recommended in any conditions solution.  
 
 
(A)      (B) 
Figure 2. SWOT matrix for Cloud Systems (A) and Traditional ICT infrastructures (B) in Educational Systems 
 
5. Benefits of using the cloud computing in educational systems 
  
Usually, within the universities, the e-learning systems are developed as distributed applications. The 
architecture of a distributed e-learning system includes:  
 software components: the client application, an application server and a database server (Pocatilu 2009);  
 hardware components (client computer, communication infrastructure and servers). 
The client hardware could be a mobile device or a desktop computer. The client application can be a simple web 
browser or a dedicated application.  
The e-learning server will use cloud computing, so all the required resources will be adjusted as needed. 
E-learning systems can use benefit from cloud computing using (Pocatilu, 2009): 
 Infrastructure: use an e-learning solution on the provider's infrastructure 
 Platform: use and develop an e-learning solution based on the provider's development interface 
 Services: use the e-learning solution given by the provider. 
A big concern is related to the data security because both the software and the data are located on remote servers 
that can crash or disappear without any additional warnings. Even if it seems not very reasonable, the cloud 
computing provides some major security benefits for individuals and companies that are using/developing e-learning 
solutions, like the following: 
 improved improbability  it is almost impossible for a malicious person  to determine where is located the 
machine that stores desired data (tests, exam questions, results) or to find out  which is the physical 
component he or she needs to access in order to get a digital asset; 
 virtualization  makes possible the rapid replacement of a compromised cloud located server without major 
costs or damages. It is very easy to create a clone of a virtual machine so the cloud downtime is expected to 
be reduced substantially; 
 centralized data storage  losing a cloud client is no longer a major incident while the main part of the 
Low 
maintenance 
costs; Instant 
access to more 
resources 
User's 
uncertainties 
and concers; 
Security and 
trust concerns 
No software 
and hardware 
limits 
Requires a 
permanent 
Internet 
connection; 
Dependency 
relation 
High Security; 
Data and IT 
infrastructure 
owned by the 
organization 
Maintenance costs 
Opportunities to 
expand the 
infrastructure or 
to make a hybrid 
cloud 
The infrastructure 
can  be very fast 
overrun by 
resources and can 
become 
deprecated 
1054   Ca˘ta˘lin Boja et al. /  Procedia - Social and Behavioral Sciences  93 ( 2013 )  1050 – 1054 
applications and data is stored into the cloud so a new client can be connected very fast; 
 monitoring of data access  it becomes easier that only one place should be supervised, not hundreds or 
thousands of computers belonging to a university, for example. Also, the security changes can be easily 
tested and implemented since the cloud represents a unique entry point for all the clients. 
Another important benefit is related to costs. If the e-learning services are used for a relative short time (several 
weeks, a quarter, a semester), the savings are very important. Using cloud computing instead of investments in 
datacenters (hardware and software licenses) will result in a shift from capital expenditure (CapEx) to operational 
expenditure (OpEx). 
 
6. Conclusions 
 
As it can be seen, the development of e-learning solution cannot ignore the cloud computing trends. There are 
many benefits from using the cloud computing for e-learning systems. Also, there are some disadvantages that have 
to be taken into account, most of them being specific to cloud computing. 
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